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Abstract 
The spatial distribution of land price is indicative of the urban structure of a region. However, since most information 
on land price is in the form of point data and not area data, a certain process must be established for the creation of a 
land price map. The authors have already developed a computer-aided system that enables the creation of precise land 
price maps on the basis of residential land price data for metropolitan areas in Japan at low cost but with precision.  In 
this paper, the system is applied to Tokyo metropolitan area and creates several land price maps using the officially 
assessed land prices provided by the Japanese government and data from the land price surveys conducted by 
prefectural governments. 
 
 
Keywords: land price; metropolitan area; residential area; spatial statistics; computer-aided system ; 
1. Inroduction 
Land prices are affected by social factors such as the population and transportation network of a region. 
Hence, the spatial distribution of land prices indicates the urban structure and may, therefore, be a useful 
metric in urban planning. However, as most information on land prices is in the form of point data and not 
area data, a certain process must be established for the creation of a land price map.  
Azar et al. [1] estimated the distribution of land prices in Beirut, Lebanon, to investigate the utility of 
Geographical Information System (GIS) in rebuilding the urban infrastructure after the Lebanese Civil 
War. Luo et al. [2] analyzed the distribution of land prices in Milwaukee, Wisconsin, to understand the 
relationships among the concentration of African-American people, land use, and land value. Löchl [3] 
estimated the distribution of land prices in Zurich, Switzerland, and used the estimates as inputs for a 
transport simulation. In Japan, Inoue et al. [4] estimated the distribution of land prices in Tokyo’s 23 
wards over 30 years (1975–2004). However, to the best of our knowledge, there has been little study into 
estimation of the distribution of land prices over a complete metropolitan area. 
In Japan, several private real estate agents have published land price maps. Tokyo Land Corporation, 
Japan's fifth-largest real estate company by sales, published the Residential Land Price Map for the Tokyo 
Metropolitan Area, covering areas within 50 km of Tokyo Station, from 1967 and 2007. Their maps were 
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created on the basis of actual transaction price data collected by the company, and not just the official 
assessments provided by the Ministry of Land, Infrastructure and Transportation and Tourism and 
prefectural governments. However, the time- and labor- intensive nature of procedures involved 
contributed to the project being discontinued in 2007. MISAWA-MRD Co. Ltd. [5] also maintained land 
price maps of the eight major metropolitan areas on the basis of the official assessments. Their process 
involved creating a Voronoi tessellation from the observation points, and then estimating the land prices 
over one-kilometer-square meshes on the basis of the weighted land price per Voronoi area. Although their 
method has the advantage in that the distribution of land prices can be easily mapped, it does not have any 
basis in theory of land price determination. Furthermore, only the meshes that contain more than a 
hundred households are shown, making the map rather daubed up. 
We have already developed a computer-aided system that enables the creation of precise land price 
maps on the basis of residential land price data for metropolitan areas in Japan at low cost. The system is 
constructed through the use of a Geographical Information System (GIS) and techniques of spatial 
statistics. The proposed system is well grounded in sound statistical theory, which provides information on 
its accuracy. In the next chapter, the requirements for the development of the system are discussed. 
2. Methodology of computer-aided creation of land price maps 
2.1. System design philosophy 
As mentioned above, several private real estate agents have published land price maps. However, the 
authors' have found that the processes involved are not cost effective. In addition, the processes used are, 
for the most part, not supported by any rigorous theory, but are instead based on empirical findings or 
practical experience. This has led to some difficulty in validating the results. Thus, the procedure proposed 
herein was designed to fulfill the following four criteria: 
1. Affordability: Computer automation is exploited to create a precise land price map at low cost. The 
cost objective is furthered by relying as much as possible on freely available data sets. 
2. Maneuverability: The system can be operated by any lay person provided with an operation manual. 
3. Versatility: The same set of procedures can be used to apply the system to any of the metropolitan 
areas in Japan. 
4. Theoretical grounding: The proposed system is well grounded in sound statistical theory, which 
provides information on its accuracy. Disclosure of the computational procedure allows the 
experiment to be verified. Since most information on land prices is in the form of point data and not 
area data, a process must be established for the creation of a land price map. The system employs 
spatial statistics, or more precisely, kriging (e.g. Cressie [6]), as the spatial interpolation technique. 
Land prices are closely related to urban structures; thus, it is natural that the prediction model be 
constructed on the basis of geographical data. The system uses regression kriging, in which geographical 
data are introduced as explanatory variables for land prices. More precisely, the unknown land price at an 
arbitrary site is predicted by the following equation: 
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where sR2 represents sites, zs is the logarithm of the land price (JPY/m2) at the site s, k (=1, 2,… K ) is 
the index of explanatory variables, xk,s and εs represent k– th explanatory variables and disturbance at that 
site respectively, ds,s' is the distance between site s and site s', βk represents parameter (scalar), and θ {τ 2, 
σ 2, w} is the vector of parameters. c(ds,s'| θ) is the function called covariance function. 
Traditionally, parameters given in Eq.(1) are identified by using the function called semivariogram: 
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Semivariogram measures the mean variability between two data points as a function of their distance. 
Several types of functions are proposed for the semivariogram. For example, exponential model Eq.(3) 
and Gaussian model Eq.(4) are the representative ones: 
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We compared the results empirically using the exponential model and the Gaussian model, and then 
selected the former of the two; this selection is explained in detail in Chapter 3. The parameters of the 
semivariogram are estimated by the eye-fit method and those of explanatory variables are estimated by 
the generalized least-squares method. For more details, please refer to the study conducted by Cressie [6]. 
A GIS is fully utilized in order to collect geographical data for explanatory variables and to draw the 
distribution map of land prices efficiently. 
2.2. Outline of the system 
Figure 1 illustrates the structure of the prototypical system. The system utilizes ArcGIS, produced by 
ESRI, for the processing the data, generating the data for calculation, and visualizing the distribution of 
predicted land prices. It employs “R,” which is a free software environment for statistical computing, to 
estimate parameters and predict the land price at each site. 
The outline of the system is as follows. First, source data of observed land price and explanatory 
variables such as population density, land uses and accessibility, are downloaded from the Internet. Next, 
proper format data is generated from collected data using ArcGIS. Since land price data is in CSV 
(comma separated value) format, the data is converted into Shapefile format. The population density of 
each minor municipal district is calculated from the census data. Areas corresponding to each kind of land 
use in each area square kilometer are demarcated and the coordinates of the central point of each area are 
calculated. The urbanization promoting area is excluded from the data pertaining to urban planning and 
regulation. The shortest-path distance from a downtown station to the nearest station is calculated from 
data for railways and stations. The data for estimating the parameters and predicting land prices is 
generated from these data using the Spatial Join function in ArcGIS. Parameters and predicted land prices 
are calculated using R and the generated data. The results of the predicted land prices are correlated with 
the polygon data of minor municipal districts by using ArcGIS and are presented in the estimated 
distribution of land prices of a complete metropolitan area. 
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Fig. 1. System outline 
3. Creation of land price maps 
3.1. Data 
The proposed system uses the officially assessed land prices provided by the Japanese government and 
data from the land price surveys conducted by prefectural governments in 2006, which are distributed for 
free of charge, as land price data. Among several land use categories, the system uses the data of the 
following three categories; residential land and prospective building land in both urbanization promoting 
and restricted area, and building land in urbanization-restricted area. Officially assessments provided by 
the central government are valid as of January 1 of every year, whereas the land price surveys conducted 
by prefectural governments are valid as of July 1 every year. Hence, we calculate the average of the 
prices from the land price surveys in 2005 and 2006. At the same time, we exclude the data for the same 
points reported in the officially assessed land prices. We also exclude those land prices that were not 
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recorded in the 2005 survey but only recorded in the 2006 survey. The dependent variables are the 
logarithms of the land prices per square meter.  
We must consider two necessary conditions for the explanatory variables used in the model. One is 
that the area of the collected data of the explanatory variables should cover a complete metropolitan area; 
otherwise the model cannot be used to predict land prices at a random site within the area. The other 
condition is that the data source should have been recorded during the same time as far as possible. The 
officially assessed land price data contain the detailed attributes of the site such as the land use regulation 
and the availability of facilities such as electricity, town gas, and waterworks. However, there is no 
availability of low-cost data of the attributes of sites for a complete metropolitan area. Therefore, these 
variables are not included in the model. Instead, we use the data collected by government agencies in 
Japan, such as Digital National Land Information, and released by the Ministry of Land, Infrastructure, 
Transportation and Tourism. 
As mentioned above, the explained variables are obtained as the logarithms of land prices (in Japanese 
yen per square meter). Table 1 shows the explanatory variables for the estimation of the parameters and 
the prediction of land prices. Some variables indicate the transportation accessibility of a site by railway. 
In Japan, it is well known that residential land prices are strongly affected by the railway because many 
people commute downtown from the suburbs by rail. The shortest-path distances from Tokyo Station, 
which is located at the center of the Tokyo metropolitan area, to the nearest station from observed or 
predicted points are calculated using the GIS. In the case of data categorized according to land use, the 
area of urbanized districts is excluded from these data so as to avoid the multicollinearity of the data with 
that of another land use category. 
3.2. Construction of prototype 
On the basis of the system explained in Chapter 2, this chapter describes its application to the Tokyo 
metropolitan area, as shown in Figure 2. The map covers the complete areas of Tokyo, Kanagawa, 
Saitama, and Chiba Prefectures and the southern part of Ibaraki Prefecture. The number of observation 
points in this area is 9245. This area can then be compared with the Residential Land Price Map published 
by the Tokyu Land Corporation, as explained in Chapter 1. 
 
Table 1. Details of explanatory variables in this study 
Variables Source data and how they are derived 
Distance to nearest station[m] Distances from each site to the nearest station are calculated using ArcGIS. 
Population density[persons/km2] It is calculated from the 2005 Population Census for every minor municipal district. 
Area of each land use [m2] 
Digital National Land Information contains the area of 11 kinds of land use per square 
kilometer. The kinds are paddy field, other farmland, forest, wilderness, urbanized district, 
site for traffic, site for other uses, river and lake, seashore, the surface of the sea, and golf 
course. To avoid multicollinearity, data of urbanized district is excluded. 
Urbanization promoting area 
[dummy] 
Digital National Land Information contains the data of urbanization promoting area. Its 
value is 1 if an observed or predicted point is in the area, else it is 0. 
Shortest-path distance from Tokyo 
Station to nearest station [km] It is calculated using ArcGIS and railway network data. 
Necessary time from Tokyo Station 
to nearest station [minute] 
It is calculated using Yahoo! Railway Information 
<http://transit.map.yahoo.co.jp/>. 
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Fig. 2. Spatial distributions of the land price data in Tokyo metropolitan area 
Regarding the accessibility to central Tokyo from each site, two alternatives are considered: the 
shortest-path distance or the time required to travel from the nearest station to Tokyo Station. A 
comparison of the results obtained using both alternatives is presented in the next section. As described in 
Section 2.1, several types of functions are proposed for the semivariogram. We compared the results 
empirically and then selected the exponential model; the results are also shown in detail in the next 
section. The next section first reports the results obtained by employing the exponential model as a 
semivariogram, then it compares the results obtained by both exponential model and Gaussian model 
using the same explanatory variables. 
3.3. Model estimation and comparison 
Each shortest-path distance from the nearest station to Tokyo Station is calculated along the railway 
lines, which are mapped in ArcGIS, and travel time is obtained using the route search system available on 
the Web site of Val Laboratory Corporation. The latter is more frequently used than the former when the 
land price model is constructed for a city or a smaller region in a metropolitan area. However, it is 
expensive and time consuming to prepare the travel time data between any pair of stations. Table 2 lists 
the results of parameter estimation, where the column heading “Distance based” indicates the model that 
uses the distance, whereas “Time based” indicates the model that uses the travel time, as a measure of the 
accessibility. As explained in Section 2.1, the parameters of the semivariogram are estimated by the eye-fit 
method and those of explanatory variables are estimated by the generalized least-squares method. The 
signs of the estimated coefficients are consistent with our expectations: the coefficients for “population 
density” and “dummy variable for urbanization promoting area” are positive, and those for “distance to 
nearest station” and “shortest-path distance from Tokyo Station to nearest station” are negative. 
To evaluate the prediction accuracy, we conducted a five-fold cross validation and calculated the error 
ratios. The error ratios at each observed point for the distance-based model are listed in Figure 3 (left), and 
those for the time-based model are listed in Figure 3 (right). The average error ratio for the 9245 observed 
points is 10.9% for the former and 11.3% for the latter. Manually preparing the data for travel time using 
the route search system consumes a substantial amount of time. In fact, for the 1899 railway stations in the 
target area is, nearly 100 h were required to prepare the entire data set of travel times between all pairs of 
stations. However, the results indicate that the accessibility measured using travel distance is more 
accurate than that measured using travel time, and so the effort required for the latter can be avoided.  
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Table 2 Comparative result of parameter estimates 
Variables Distance based Time based 
Constant 12.0          ***  10.8          ***  
Distance to nearest station [m] –1.13×10–4 ***  –1.14×10–4 ***  
Population density [persons/km2] 4.28×10–6 ***  4.59×10–6 ***  
Area of paddy field [m2] –2.43×10–7 ***  –2.54×10–7 ***  
Area of the other farm land [m2] –1.80×10–7 ***  –1.97×10–7 ***  
Area of forest [m2] –2.13×10–7 ***  –2.31×10–7 ***  
Area of wilderness [m2] –7.27×10–8        –8.21×10–8        
Area of site for traffic [m2] 2.22×10–7        2.27×10–7        
Area of site for the other use [m2] 2.01×10–8        1.70×10–8        
Area of river and lake [m2] –2.09×10–7 ***  –2.12×10–7 ***  
Area of seashore [m2] 2.89×10–8        1.92×10–7        
Area of the surface of the sea [m2] –7.98×10–8        –9.55×10–8        
Area of golf course [m2] –1.32×10–7        –1.31×10–7        
Dummy variable for urbanization promoting area 0.58         ***    0.57         ***    
Shortest-path distance from Tokyo Station to nearest station [km] –0.01         ***     
 Necessary time from Tokyo Station to nearest station [minute]  –2.62×10–3***    
Legend: ***, ** and * represent significance of  t-test at 1%, 5% and 10% level respectively. 
Nevertheless, the suitability of the travel distance over travel time as an explanatory variable for the land 
price model depends on the area under consideration. 
Inoue et al. [4] estimated the distribution of land prices in Tokyo’s 23 wards over 30 years (1975–
2004) by spatio-temporal kriging. Their results show that the average error ratio is only 2% for the recent 
years, when the temporal fluctuation in land prices was small (that is, the prices were steady over that 
period). The proposed system estimates the land prices across a complete metropolitan area using a single 
regression model. Furthermore, the explanatory variables used here are quite limited because of the 
reasons mentioned in Section 3.1. Hence, the average error ratio of approximately 10% observed in this 
study may not be that significant. Figure 3 shows several points having small error ratios that are within 
10 to 30 km from Tokyo Station; by contrast, points in the other areas have large error ratios. The land 
price in the suburban area is only 1% or less than that in the downtown area. The results indicate the 
limitation using only a single model in the prediction of the land value over a complete metropolitan area. 
The logarithm of the land price per square meter is used as an explained variable. Hence, the predicted 
land prices are transformed through an exponential function. Strictly speaking, this procedure of 
transformation would introduce a statistical bias. Lognormal kriging (e.g., Dowd [7], Cressie [8], Rawlins 
et al. [9]) is proposed as a solution to this problem. However, it has a disadvantage in that it provides 
highly sensitive predictions. Therefore, no particular bias correction was implemented in this study. 
The left hand side of Figure 4 shows the distribution of the predicted and transformed land prices. In 
this figure, the same price bands as those used in the 2006 Residential Land Price Map published by the 
Tokyu Land Corporation (the right hand side of Figure 4) were used. The estimates of the prototype in 
Tokyo’s 23 wards and suburban areas along the railway lines are similar to those in the Residential Land 
Price Map; however, the prototype greatly overestimated prices in the suburban areas. There might be 
several reasons for the differences: For instance, the observed sites are located more sparsely in suburban 
areas than in downtown areas, and the suburban areas might include mountains and forests that were also 
evaluated as residential land. 
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Fig. 3. Error ratio at each observed point: distance-based (left) and time-based (right) 
  
Fig. 4. Land price maps: created by the system (left) and released by Tokyu Land Corporation (right; authors colored the map anew) 
The Residential Land Price Map published by the Tokyu Land Corporation does not cover Tsukuba 
City in Ibaraki Prefecture. This is because Tsukuba City is located approximately 60 km from central 
Tokyo and was not easily accessible from central Tokyo before the Tsukuba Express Line was 
commissioned on August 24, 2005. The map created by the prototype clearly shows that the land prices in 
Tsukuba City are significantly higher than in the neighboring areas. 
It is known that the results of regression kriging are sensitive to the selection of not only the 
explanatory variables but also the semivariogram model. From among the several available models, the 
exponential and Gaussian models are frequently used as semivariograms. Therefore, we compared the 
results obtained from these two models. The results from the exponential model are listed in Table 2. The 
left hand side of Figure 5 shows the error ratios at each site evaluated using the same explanatory 
variables for the distance-based and Gaussian models. The average error ratio for all sites is 18.3%; this is 
significantly higher than that observed in the exponential model. Figure 5 (right) depicts the distribution  
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Fig. 5. Result of the Gaussian semivariogram model: error ratio at each observed site (left) and estimated distribution of the 
residential land price (right) 
of the estimated land prices. There is no area where the land price is estimated to be in the highest price-
band (more than 700 thousand JPY/m2), and the land price in the suburban area is estimated to be 
somewhat higher than that by the exponential model. Warnes [10] demonstrated that the Gaussian model 
is sensitive to changes in the parameters. In other words, large changes in the range parameter lead to 
large changes in the parameters of the regression model. These results indicate that the Gaussian model, in 
which the parameters of the semivariogram are estimated by the eye-fit method, is not suitable for this 
study. 
4. Conclusions 
We have already developed a computer-aided system that enables the creation of precise land price 
maps on the basis of residential land price data for metropolitan areas in Japan at low cost but with 
precision.. In this paper, the system is applied to Tokyo metropolitan area and creates several land price 
maps using the officially assessed land prices provided by the Japanese government and data from the 
land price surveys conducted by prefectural governments. The accessibility to the center of the area is an 
explanatory variable for the land price model. Both the shortest-path distance along the railway line from 
Tokyo Station to the nearest station and the travel time for that distance were examined for their suitability 
as measures of this explanatory variable. The results indicate that the former is more appropriate despite 
the fact that the latter, which is more computationally expensive to calculate, is more frequently used for 
smaller areas or cities. The results also show that the exponential model is more appropriate than the 
Gaussian model for use as a semivariogram. 
We also compared the land price maps created using the proposed system with the land price maps for 
the Tokyo metropolitan area that were released by the Tokyu Land Corporation and discussed the nature 
of the differences in detail. 
Further, the created maps clearly shows and identifies that the land prices in the Tsukuba City in 
Ibaraki Prefecture, which is located approximately 60 km from central Tokyo and easily accessible from 
central Tokyo after the rapid Tsukuba Express Line was commissioned in 2005, are significantly higher 
than in the neighboring areas. 
However, some problems remain unsolved in the developed system. For instance, the system uses a 
single land price model for a complete metropolitan area, which leads to over-evaluation in suburban 
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areas. Prediction ability may be improved with geographical weighted regression (GWR) kriging (e.g., 
Harris et al. [11]). Further, low-cost methods to acquire additional types of data covering an entire 
metropolitan area for use as explanatory variables, such as zoning information of urban planning, remains 
to be considered. 
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